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Abstract 
The core purpose of this paper is to prove fixed point results by using the concept of modified intuitionistic fuzzy 
metric space. For the coupled maps, we first formulate the definition of E.A property and common property (E.A) 
property on modified intuitionistic fuzzy metric space.  
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1. Introduction and preliminaries 
The theory of fuzzy set is coined by Zadeh24.  Then many eminent authors gave the significant contribution to 
development of the system of fuzzy sets and its applications. After slightly modification in the concept of fuzzy 
metric space given by Kramosil and Michalek13, the notion of fuzzy metric space is reintroduced by Georage and 
Veeramani9 with an opinion to attain a Hausdroff topology on it. 
The significant outcomes of Aamri and Moutawakil1 is common fixed point theorems under strict contractive 
conditions using a property E.A property which generalized the concept of non-compatible mappings. In 2009, 
Abbas et al.2 presented the view of common property (E.A). 
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The idea of intuitionistic fuzzy sets is one of the main generalization of fuzzy sets. This idea is very useful to 
elaborate uncertainty and vagueness involved in decision making. In 1986, Atanassov4 introduced and studied the 
concept of intuitionistic fuzzy sets. Çoker6 introduced the concepts of intuitionistic fuzzy topological spaces. 
Following this concept, Alaca et al.3 defined the notion of intuitionistic fuzzy metric space. Motivated by these 
results, many important results on fuzzy metric spaces and intuitionistic fuzzy metric space are developed by many 
eminent mathematicians 10-12, 16-22. 
In understanding of previous results, the notion of MIFM-space with the support of continuous t-representable 
is developed by  Saadati et al.21. 
1.1. Lemma 8. Consider the set L  and Ld defined by  
   ^ `    21 2 1 2 1 2 1 2 1 2 1 1 2 2, : , [0,1] 1 , , , ,LL r r r r and r r r r s s r s and r s    d d  d t  
     for every    1 2 1 2, , , .r r s s L  Then  , LL  d is a complete lattice.  
     1.2. Definition 4. An intuitionistic fuzzy set ,S] K  in a universe :  is an object    ^ `, , ,S SS] K ] K :l l l  
where for all  , [0,1]S]: l l and   [0,1]SK l  are named as membership degree and non- membership degree 
respectively, of l in ,S] K  and furthermore they satisfy     1.S S] K du u For every  ,i i iz x y L  if [0,1]ic 
such that 
1
1n jj c  ¦ then it is easy that    1 1 1, , .n n nj j j j j j jj j jc x y c x c y L    ¦ ¦ ¦ Its units is given  1 1,0L  
and   0 0,1 .L   
     1.3. Definition7. A triangular norm (t-norm) on L  is a function   :   u oL L LT satisfying the following 
conditions for all , , , , ,l m n u v L  
TA1.  , ,  l L lT  
TA2.    , , , l m m lT T  
TA3.      , , , , , l m n l m nT T T T  
TA4. If dLl u  and    , , . d  dL Lm v l m u vT T  
    1.4. Definition7, 8. A continuous t-norm T on L  is known as continuous t- representable if and only if there exist 
a continuous t-norm  *  and continuous t-conorm ¡ on [0, 1] such that  
       1 2 1 2 1 1 2 2, , , , , , .r r r s s s L r s r s r s     ¡T  
   1.5. Definition7, 8. A negator on L  is any decreasing function : L L oN satisfying  0 1L L  N and 
 1 0 .L L  N if    ,x x L N N  then N is called an involutive negator.  
   1.6. Definition 21. The 3- tuple  U , VX , ,F T  is said to be an MIFM-space if X  is a non-empty set, T is a 
continuous t- representable. Let U  and V are fuzzy sets such that ( , , ) ( , , ) 1, dU x y t V x y t  for all
, , , , 0x y z X t s ! and U , VF  is a mapping [0, )X X Lu u f o  satisfying the following conditions: 
TB1.  , , , 0 , !U V L Lx y tF  
TB2.  , , , 1 ,   U V Lx y t x yF  
TB3.    , ,, , , , ,U V U Vx y t y x t F F  
TB4.       , , ,, , , , , , , , tU V U V U VLx y t s x z t z y tTF F F  
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TB5.    , , ,. : 0, f oU V x y LF is continuous. 
In this case ,U VF  is called an modified intuitionistic fuzzy metric and       , , , , , , , , . U V x y t U x y t V x y tF  
1.7. Lemma15. Let  U , VX , ,F T  be a MIFM-space. Then for all  ,, , 0, , , ! U Vx y X t x y tF  is non decreasing 
with respect to t in  , .LL  d  
1.8. Lemma21. Let  U , VX , ,F T be a modified intuitionistic fuzzy metric space. Then F  is continuous  
function on  2 0, .X u f   
1.9. Definition21. Let f and g  be two self-mappings on MIFM-space  U , VX , ,F T satisfy the E.A property if 
there exist a sequence{ }nx  such that  
   , ,lim , , lim , , 1 of of  U V n U V n Ln nfx x t gx x tF F  for some .x X  
1.10. Definition23. Two pairs  ,G f and  ,H g  of self-mappings of a MIFM-space  U , VX , ,F T share the 
common   property (E.A) property if there exist sequences{ }nx  and { }ny  such that  
       , , , ,lim , , lim , , lim , , lim , , 1U V n U V n U V n U V n Ln n n nGx z t fx z t gy z t Hy z t of of of of   F F F F  for some .z X  
 
The theories of coupled fixed points and mixed monotone property on fuzzy metric space are established by 
Bhaskar and Lakshmikantham5.  The mixed monotone functions and some results for coupled fixed point is 
explored by Lakshmikantham and Ćirić14.   
In this paper, we proved new fixed point results on MIFM-space by defining E.A property and common property 
(E.A) property for coupled maps on modified intuitionistic fuzzy metric space. 
 
2. Main results 
First we introduce the E.A property and common property (E.A) for coupled maps on MIFM-space  U , VX , ,F T   which are given below: 
2.1. Definition. The functions : u oG X X X  and : oH X X  satisfies E.A property on MIFM-space 
 U , VX , ,F T if there exist sequences{ }nx  and { }ny  in X such that  
    
    
, ,
, ,
, , , , , 1 ,lim lim
l , , , li 1i m , ,m
n n
n
U V n n U
n
V n L
U V n n U V n L
G x y x t Hx x t
G y x y t Hy y t


of of
of of
  
  
F F
F F
         
 
for some , .x y X                           
        2.2. Definition. Let : , : , :u o u o oG X X X H X X X R X X  and : oS X X be mappings on MIFM-
space  U , VX , ,F T .  The pairs  ,G f and  ,H g  share common E.A property then there exist sequences 
{ },{ },{ }n n nx y u  and { }nv  in X  such that  
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, 1 , 1 , 1 , 1
, 2 , 2 , 2 , 2
, , , , , 1 , , , , , ,
,
, , , , , 1 , , ,
lim lim lim lim
lim lim lim m , , .li
n n n n
n
U V n n U V n U V n n U V nL
U n nV n n U V n U V n n U Vn nL
H x y t gx t G u v t fu t
H y x t gy t G v u t fv t
D D D D
D D D D


of of of of
of of of of
½    °¾    °¿
F F F F
F F F F
                
for some 1 2, .XD D    
 
With help of above concept, we are ready to prove our main results. 
2.3 Theorem. Let , , , ,G H Q R S  and T be self-mappings on MIFM-space  U , VX , ,F T   which satisfying 
following conditions: 
TC1. there exists 1k !  and for every , , 0,x y X t ! such that where : L LI  o  is a function such that 
 I D Dt for each ,LD   
              
, ,
,
, ,
, , , , , , ,
, , , , min ,
, , , , , , ,
I
§ ·§ ·¨ ¸¨ ¸t ¨ ¸¨ ¸© ¹© ¹
U V U V
U V L
U V U V
QTx RSu kt G x y QTx kt
G x y H u v t
H u v RSu kt G x y RSu kt
F F
F
F F
 
TC2.         , ,u  u G X X RS X H X X QT X  
TC3.  the pair  ,G QT  or  ,H RS  satisfies E.A property,  
If one of      , ,u uG X X H X X QT X and  RS X  is a complete subspace of X  then  ,G QT  and 
 ,H RS have coupled coincident point. Further, if  ,G QT  and  ,H RS are weakly compatible, the , ,G H QT and
RS  have unique common fixed point in .X  
Proof.  Assume the pair  ,H RS satisfies E.A property, then there exist sequences{ }nx  and { }ny  in X such  
that  
    
    
, ,
, ,
, , , , , 1 ,
, , , , , 1


  
  
U V n n U V n L
U V n n U V n L
H x y x t RSx x t
H y x y t RSy y t
F F
F F
 for some , .x y X                                                       (1)              
From condition (TC2),    ,u H X X QT X   there exist sequences{ }nu  and { }nv  in X  such that  
                                       , , , .  n n n n n nH x y QTu H y x QTv                                                             (2) 
By using equation (1) and  ,nof  we have   lim , lim .n nn nx QTu y QTvof of                                                   (3)       
          On the other hand, 
                     
, ,
,
, ,
, , , , , , ,
, , , , min ,
, , , , , , ,
I
§ ·§ ·¨ ¸¨ ¸t ¨ ¸¨ ¸© ¹© ¹
U V n n U V n n n
U V n n n n L
U V n n n U V n n n
QTu RSx kt G u v QTu kt
G u v H x y t
H x y RSx kt G u v RSx kt
F F
F
F F
 
On making ,nof the above inequality, 
 
 
 
We get   , . n nG u v x  In similarly way, one can get  , . n nG v u y                                                             (4)        
Let    QT X  is a complete subspace of ,X  there exist ,l m X  such that      
                     
   
   
lim , lim lim , lim ,
lim , lim lim , lim .
of of of of
of of of of
     ½°¾     °¿
n n n n n nn n n n
n n n n n nn n n n
H x y QTu G u v RSx x QTl
H y x QTv G v u RSx x QTm
                              (5)                      
          , , ,, , , , , , , , , .I t !U V n n U V n n U V n nL LG u v x t G u v x kt G u v x ktF F F
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         From the inequality (TC1), we get 
              
, ,
,
, ,
, , , , , , ,
, , , , min ,
, , , , , , ,
I
§ ·§ ·¨ ¸¨ ¸t ¨ ¸¨ ¸© ¹© ¹
U V n U V
U V n n L
U V n n n U V n
QTl RSx kt G l m QTl kt
G l m H x y t
H x y RSx kt G l m RSx kt
F F
F
F F
 
  By using
 
nof and equation (5), one can get  , . G l m QTl  Also,  , . G m l QTm               
(6)    
      This implies the pair  ,G QT has coupled coincident point in .X  
       Since,  ,G QT is weak compatible then  
                                     , , , , , .  QT G l m G QTl QTm QT G m l G QTm QTl                                             (7)    
      As    ,u G X X RS X there exist 1 2, XD D  such that     1 2, , , .D D  G l m RS G m l RS               
(8)  
      By using the inequality (TC1), and equations (6), (8), we get 
              
, 1 ,
, 1 2
, 1 2 1 , 1
, , , , , , ,
, , , , min
, , , , , , ,
DD D I D D D D
§ ·§ ·¨ ¸¨ ¸t ¨ ¸¨ ¸© ¹© ¹
U V U V
U V L
U V U V
QTl RS kt G l m QTl kt
G l m H t
H RS kt G l m RS kt
F F
F
F F
 
       Thus  1 1 2, .D D D RS H In same way,  2 2 1, .D D D RS H               
(9) 
  This implies the pair  ,G QT has coupled coincident point in .X  
   So, 
     
     
1 1 2 1
2 2 1 2
, , ,
, , .
D D D E
D D D E
    ½°¾    °¿
G l m QTl RS H Say
G m l QTm RS H Say
                                                                                 (10) 
   From (7), we have     1 1 2 2 2 1, , , .E E E E E E  QT G QT G                                                                          (11) 
   The weak compatibility of  ,H RS implies that  
         1 2 1 2 2 1 2 1, , , , , .D D D D D D D D  RS H H RS RS RS H H RS RS  
   Therefore,    1 1 2 2 2 1, , , .E E E E E E  RS H RS H                                                                                       (12) 
        With help of the inequality (TC1), one can get 
              
, 1 1 , 1 2 1
, 1 2 1 2
, 1 2 1 , 1 2 1
, , , , , , ,
, , , , min
, , , , , , ,
E D E E EE E D D I D D D E E D
§ ·§ ·¨ ¸¨ ¸t ¨ ¸¨ ¸© ¹© ¹
U V U V
U V L
U V U V
QT RS kt G QT kt
G H t
H RS kt G RS kt
F F
F
F F
 
    By using equation (11),  1 2 1, .E E E G Similarly,  2 1 2, .E E E G           
    Therefore,  
   1 2 1 1 2 1 2 2, , , .E E E E E E E E    G QT G QT                                                                              (13) 
 
         Again, from the inequality (TC1), and equations (11), (12), we have 
              
, 1 ,
, 1 2
, 1 2 1 , 1
, , , , , , ,
, , , , min
, , , , , , ,
EE E I E E E E
§ ·§ ·¨ ¸¨ ¸t ¨ ¸¨ ¸© ¹© ¹
U V U V
U V L
U V U V
QTl RS kt G l m QTl kt
G l m H t
H RS kt G l m RS kt
F F
F
F F
 
     This implies    1 2 1 1 2 1 2 2, , ,E E E E E E E E    H RS H RS    which show that    ,G Q T  and  ,H RS  
have common coupled fixed point.              
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(14)      
Let        , 1 2 , 1 2 2 1, , , , , ,E E E E E E U V U Vt G H tF F      
                                
    
     
 
, 1 2 , 1 2 1
, 2 1 2 , 1 2 2
, 1 2
, , , , , , ,
min
, , , , , , ,
, ,
E E E E EI E E E E E E
E E


§ ·§ ·¨ ¸¨ ¸t ¨ ¸¨ ¸© ¹© ¹
!
U V U V
L
U V U V
U VL
QT RS kt G QT kt
H RS kt G RS kt
kt
F F
F F
F
              
It show that 1 2E E  which show that , ,G H QT and RS  have common fixed point in .X The uniqueness of 
the fixed point can verified in same way as above.  
 
Taking S T I   (the identity mapping) in Theorem 2.3, we get following consequence.          
2.4 Theorem. Let , ,G H Q  and R be self-mappings on MIFM-space  U , VX , ,F T   which satisfying following 
conditions: 
TD1.  there exists  0,1k  for every such that , , 0,x y X t !  
              
, ,
,
, ,
, , , , , , ,
, , , , min ,
, , , , , , ,
I
§ ·§ ·¨ ¸¨ ¸t ¨ ¸¨ ¸© ¹© ¹
U V U V
U V L
U V U V
Qx Ru kt G x y Qx kt
G x y H u v t
H u v Ru kt G x y Ru kt
F F
F
F F
 
TD2.         , ,u  u G X X R X H X X Q X  
TD3.  the pair  ,G QT  or  ,H RS  satisfies E.A property,  
If one of      , ,u uG X X H X X Q X and  R X  is a complete subspace of X  then  ,G Q  and  ,H R  
have coupled coincident point. Further, if  ,G Q  and  ,H R are weakly compatible, the , ,G H Q and R   
have unique common fixed point in .X  
     Next, we use the definition of common property (E.A) for proving following theorem. 
2.5 Theorem. Let : , : , :u o u o oG X X X H X X X Q X X  and :R X Xo be mappings on MIFM-space 
 U , VX , ,F T   which satisfying following conditions: 
TE1. there exists  0,1k  for every such that , , 0,x y X t !  
              
, ,
,
, ,
, , , , , , ,
, , , , min ,
, , , , , , ,
I
§ ·§ ·¨ ¸¨ ¸t ¨ ¸¨ ¸© ¹© ¹
U V U V
U V L
U V U V
Qx Ru kt G x y Qx kt
G x y H u v t
H u v Ru kt G x y Ru kt
F F
F
F F
 
TE2.  the pairs  ,G Q and  ,H R  share common E.A property,  
TE3.  Q X and  R X are closed subsets of .X  
Then  ,G Q  and  ,H R have coupled coincident point. Further, if  ,G Q  and  ,H R are weakly 
compatible,  
then , ,G H Q and R  have unique common fixed point in .X  
Proof: Since, the pair  ,G Q and  ,H R  share common E.A property then there exist { },{ },{ }n n nx y u  and 
{ }nv in X  such that  
         
         
, 1 , 1 , 1 , 1
, 2 , 2 , 2 , 2
, , , , , 1 , , , , , ,
,
, , , , , 1 , , , , , .
D D D D
D D D D


½    °¾    °¿
U V n n U V n U V n n U V nL
U V n n U V n U V n n U V nL
H x y t Rx t G u v t Qu t
H y x t Ry t G v u t Qv t
F F F F
F F F F
                (15)   
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for some 1 2, .XD D     
Since  R X is closed subspace of ,X then there exist 1 2, XE E  such that 1 1 2 2, .R RE D E D                  (16)    
     On the other hand,  
              
, 1 ,
, 1 2
, 1 2 1 , 1
, , , , , , ,
, , , , min ,
, , , , , , ,
EE E I E E E E
§ ·§ ·¨ ¸¨ ¸t ¨ ¸¨ ¸© ¹© ¹
U V n U V n n n
U V n n L
U V U V n n
Qu R kt G u v Qu kt
G u v H t
H R kt G u v R kt
F F
F
F F
 
On making nof the above inequality and using equations (15), (16), we have     
 1 2 1 1, .E E D E  H R In same way,  2 1 2 2, .E E D E  H R                                                                         (17)         
This shows that the pair  ,H R has coupled coincident point. 
Also  Q X is closed subspace of ,X then there exist 1 2, XJ J  such that 1 1 2 2, .Q QJ D J D                       (18) 
     By using Condition (TE1), we get 
              
, 1 , 1 2 1
, 1 2
, , 1 2
, , , , , , ,
, , , , min ,
, , , , , , ,
J J J JJ J I J J
§ ·§ ·¨ ¸¨ ¸t ¨ ¸¨ ¸© ¹© ¹
U V n U V
U V n n L
U V n n n U V n
Q Rx kt G Q kt
G H x y t
H x y Rx kt G Rx kt
F F
F
F F
 
    From equations (15) and (18), one can have  
 1 2 1 1, .J J D J  G Q Similarly,  2 1 2 2, .J J D J  G Q                                                                                  (19) 
This shows that the pair  ,G Q has coupled coincident point. 
Let the pair  ,H R is weakly compatible such that   
         1 2 1 2 2 1 2 1, , , , , .E E E E E E E E  R H H R R R H H R R                                                                     (20) 
     Taking conditions (TE1) and (18-20), we get 
              
, 1 1 , 1 2 1
, 1 2 1 2
, 1 2 1 , 1 2 1
, , , , , , ,
, , , , min .
, , , , , , ,
U V U V
U V L
U V U V
Q R kt G Q kt
G H t
H R kt G R kt
J D J J JJ J D D I D D D J J D
§ ·§ ·¨ ¸¨ ¸t ¨ ¸¨ ¸© ¹© ¹
F F
F
F F
 
 This implies  1 2 1 1, .D D D D  H R  In same way,  2 1 2 2, .D D D D  H R               
(21)
 
Since, the pair  ,G Q  is weakly compatible such that
 
    1 2 1 2, , ,Q G G Q QJ J J J     2 1 2 1, , .Q G G Q QJ J J J               
(22) 
By using condition (TE1),  we have
 
              
, 1 1 , 1 2 1
, 1 2 1 2
, 1 2 1 , 1 2 1
, , , , , , ,
, , , , min ,
, , , , , , ,
D E D D DD D E E I E E E D D E
§ ·§ ·¨ ¸¨ ¸t ¨ ¸¨ ¸© ¹© ¹
U V U V
U V L
U V U V
Q R kt G Q kt
G H t
H R kt G R kt
F F
F
F F
 
 This implies  1 2 1 1, .D D D D  G Q In same way,  2 1 2 2, .J QD D D D    
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 Therefore,  ,G Q  and  ,H R  have common coupled fixed point.   
 Now, we will claim that    1 2.D D  If not, let suppose                                                                                                   
      
    
     
, 1 2 , 1 2 2 1
, 1 2 , 1 2 1
, 2 1 2 , 1 2 2
, , , , , ,
, , , , , , ,
min ,
, , , , , , ,
D D D D D D
D D D D DI D D D D D D
 
§ ·§ ·¨ ¸¨ ¸t ¨ ¸¨ ¸© ¹© ¹
U V U V
U V U V
L
U V U V
t G H t
Q R kt G Q kt
H R kt G R kt
F F
F F
F F
 
This implies that       , 1 2 , 1 2 , 1 2, , , , , , .D D I D D D Dt !U V U V U VLt kt ktF F F  
This gives which show , ,G H Q and R  have common fixed point in .X   
     The uniqueness of the fixed point can verified in same way as above. This finishes the proof of Theorem 2.5. 
3. Conclusion 
In the above results, we use the idea of MIFM-space for proving above mentioned results. We also discussed the 
notion of E.A property and common property (E.A) property for coupled maps on this space. This work will be 
useful for understanding the concept of fixed point theory as well as coupled maps on MIFM-space. 
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